Probing thess content of the η and η ′ mesons and considering mixing between these states as well as gluonic contributions, the form factors responsible for semileptonic D s → (η, η ′ )lν transitions are calculated via light cone QCD sum rules. Corresponding branching fractions and their ratio for different mixing angles are also obtained. Our results are in a good consistency with experimental data as well as predictions of other nonperturbative approaches.
I. INTRODUCTION
Based on experimental results, a considerable part of the total decay rate of the D s meson is related to its decay to η and η ′ mesons. Therefore, the D s is a proper meson to study the phenomenology of the η and η ′ mesons and their structures. Due to charm quark, this meson plays an essential role in analyzing of the weak and strong interactions as well as exploring new physics beyond the standard model (SM) which will be probed by the large hadron collider (LHC). The charmed systems are known for very small CP violations in the SM, hence any detection of CP violations in such systems can be considered as a signal for presence of new physics (for more information about the D s meson and its decays see [1] ).
In the present work, we analyze the semileptonic D s → (η, η ′ )lν decays in the framework of light cone QCD sum rules (LCSR). The η and η ′ mesons are mixing states [2, 3] , |η = cos ϕ|η q − sin ϕ|η s , |η ′ = sin ϕ|η q + cos ϕ|η s ,
where ϕ is single mixing angle. The measured values of ϕ in the the quark flavor (QF) basis (for more information about this basis see for instance [4] [5] [6] [7] ) are ϕ = (39.7 ±0.7)
• and (41.5 ± 0.3 stat ± 0.7 syst ± 0.6 th )
• with and without the gluonium content for η ′ , respectively [8] . The mixing angle ϕ has also been obtained as ϕ = [39.9 ± 2.6(exp) ± 2.3(th)]
• by recently measured BR[D(D s ) → η(η ′ ) +l + ν l ] in light-front quark model [9] .
In QF basis,
Since the D s meson decays to η and η ′ via η s state, the transition form factors of these decays in the QF basis are written in terms of the transition form factors of D s → η s as:
For calculation of f and f
so, our strategy will be as follow. First, we will calculate the form factors, f Ds→η i via the LCSR, then using Eq. (4) and the values of the mixing angle ϕ, we will evaluate the transition form factors of D s → η ′ lν.
The paper is organized as follows. In the next section, we obtain the LCSR for the transition form factors responsible for D s → ηlν decay. Section III is devoted to the numerical analysis of the form factors and calculation of branching ratios of the D s → (η, η ′ )lν decays. We also compare the obtained results with the existing predictions of the other nonperturbative approaches as well as experimental data.
II. LCSR FOR D s → η TRANSITION FORM FACTORS
To calculate the transition form factors of the D s → η in LCSR method, we consider the following correlation function:
where we will use the DA's of the η meson. The main reason for choosing the Chiral current,ci(1 − γ 5 )s instead of the usual pseudoscalar (PS),ciγ 5 s is to eliminate effectively the contribution of the twist-3 wave functions which are poorly known and cause the main uncertainties to the sum rules. This current provides results with less uncertainties (see also [10] [11] [12] [13] [14] ). Here, we should stress that the Chiral current may enhance the NLO twist-2 contribution and to get more exact results, one should use the DA's of the η mesons up to NLO which are not available yet.
According to the general philosophy of the QCD sum rules and its extension, light cone sum rules, we should calculate the above correlation function in two different ways. In phenomenological or physical representation, it is calculated in terms of hadronic parameters.
In QCD side, it is obtained in terms of DA's and QCD degrees of freedom. LCSR sum rules for the physical quantities like form factors are acquired equating coefficient of the sufficient structures from both representations of the same correlation function through dispersion relation and applying Borel transformation and continuum subtraction to suppress the contributions of the higher states and continuum.
To obtain the phenomenological representation of the correlation function, we insert a complete set of D s states between the currents. Isolating the pole term of the lowest PS D s meson, we get,
where · · · stands for contributions of the higher states and continuum. The matrix element,
is defined as:
where f Ds is leptonic decay constant of D s meson. The transition matrix element,
can be parameterized via Lorentz invariance and parity considerations as [11, 12] :
where, f Ds→η ± (q 2 ) are transition form factors responsible for D s → η decay. Using Eqs. (7) and (8) in Eq. (6), we obtain,
where, (10) where ρ h 1,2 show the spectral densities of the higher resonances and the continuum in hadronic representation. These spectral densities are approximated by evoking the quarkhadron duality assumption,
where, ρ 
where, S c (x) is the full propagator of c quark.
The light cone expansion of the quark propagator in the external gluon field is made in [15] . The propagator receives contributions from higher Fock states proportional to the condensates of the operatorsqGq,qGGq and. In the present work, we neglect contributions with two gluons as well as four quark operators due to the fact that their contributions are small [16] . In this approximation, the S c (x) is given as:
where G µν is the gluonic field strength tensor and g s is the strong coupling constant. We can rewrite the Eq. (12) as:
where Γ i is the full set of the Dirac matrices, Γ i = (I, γ 5 , γ α , γ α γ 5 , σ αβ ). As it is clear from Eq. (14) , to proceed to calculate the theoretical side of the correlation function, we need to know the matrix elements of the nonlocal operators between vacuum and η meson states. Up to twist-4, the η meson DA's are defined as [17] :
where,G µν =
Since we use the chiral current, the twist-3 wave functions do not give any contribution. In Eqs. (15)- (17), the ϕ η (u) is the leading twist-2, A(u) and part of B(u) are two particle twist-4,
ϕ (α i ) andφ ⊥ (α i ) are three particle twist-4 DA's. Here we should stress that using the identity,
and due to the parity invariance of strong interactions, the matrix element,
and has no contribution. For extracting the QCD or theoretical side of the correlation function, we insert the expression of the charm quark full propagator as well as the DA's of the η meson into Eq. (14) and carry out the Fourier transformation. Now, we proceed to get the LCSR for our form factors equating the coefficients of the corresponding p µ and q µ structures from both phenomenological and QCD sides of the correlation function and applying Borel transform with respect to the variable (p + q) 2 in order to suppress the contributions of the higher states and continuum as well as eliminate the subtraction terms. As a result, the following sum rules for the form factors f
are obtained:
where, M 2 is the Borel parameter and,
III. NUMERICAL ANALYSIS
In this section, we numerical analyze the form factors, f and ϕ (α i ), ϕ ⊥ (α i ),φ (α i ), andφ ⊥ (α i ) as well as related parameters are given as [17] : 
where C 
The constants in the Eqs. (23) and (24) were calculated at the renormalization scale µ = 1 GeV 2 using QCD sum rules and are given as a [19] and f Ds = (0.274 ± 0.013 ± 0.007) GeV [20] .
The sum rules for form factors also contain two auxiliary parameters, s 0 and M 2 . The continuum threshold is not totally arbitrary but it depends on the energy of the first excited state. We choose, s 0 = (6.5 ± 0.5) GeV 2 (see also [21] ). Now, we are looking for a working region for M 2 , where according to sum rules philosophy, our numerical results be stable for a given continuum threshold s 0 . The working region for the Borel mass parameter is determined requiring that not only contributions of the higher states and continuum effectively suppress, but also contributions of the DA's with higher twists are small. Our numerical analysis shows that the suitable region is: 2.5 GeV shows that the form factors weakly depend on the Borel mass parameter in its working region.
Now, we proceed to find the q 2 dependence of the form factors. It should be stressed that in the region, q 2 ≥ 1.4 GeV 2 the applicability of the LCSR is problematic. In order to extend our results to the whole physical region, we look for a parametrization of the form factors such that in the region, 0 ≤ q 2 ≤ 1.4 GeV 2 , the results obtained from the abovementioned parametrization coincide well with the light cone QCD sum rules predictions.
The most simple parametrization of the q 2 dependence of the form factors is expressed in terms of three parameters in the following form:
where,q = q 2 /m Table I .
This 
for two sets (for details see [23] ). The errors presented in this Table are due to variation of the continuum threshold s 0 , variation of the Borel parameter M 2 , and uncertainties coming from the DA's and other input parameters.
The dependence of the form factors, f + (q 2 ) and f − (q 2 ) for D s → η on q 2 extracted from the fit parametrization are shown in Fig. (2) . This figure also contains the form factors factors at q 2 = 0 extracted from fit parametrization and using Eq. (4) are shown in where G F is the Fermi constant. Integrating Eq. (26) over q 2 in the whole physical region and using the total mean lifetime, τ Ds = (0.5 ± 0.007) ps [19] , the branching ratios of the D s → (η, η ′ )lν decays are obtained as presented in Table III . This Table also in- cludes a comparison of our results and predictions of the other nonperturbative approaches including the LFQM and 3PSR and experimental values [19] . From this Table, we see a good consistency between our results and predictions of the different approaches especially experimental data.
At the end of this section, we would like to compare also the ratio: R Ds = Br(Ds→η ′ lν) Br(Ds→ηlν) in Table IV for different approaches as well as experimental value. This Table also depicts a good consistency among the values, specially between our prediction with ϕ = 39.7
• and experimental value. This can be considered as a good test for correctness of the considered internal structure for the D s meson as well as the mixing angle between η and η ′ states. 
